Garcinia species from the Guttiferae family have attracted a great deal of interest due to the chemical diversity and bioactivity of their secondary metabolites, which include xanthones, benzophenones, flavonoids, and depsidones [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Some of these compounds exhibited significant biological effects, such as antitumor, cytotoxic, anti-HIV, antibacterial, and antioxidant activities [16] [17] [18] [19] [20] [21] [22] . As part of an ongoing study on species from this genus, we report herein the first phytochemical investigation of G. urophylla, locally known as "Kandis hutan". This plant is a small fruiting tree (3-10 m high), usually scattered throughout the hills in Malaysia and Sumatra. Two new xanthones, assigned as 7-hydroxydesoxymorellin (1) and isocaledonixanthone D (2), along with four known ones were isolated and characterized from the CH 2 Cl 2 fraction of the leaves of this plant.
Compound 1 was isolated as a yellow amorphous solid. The HREIMS showed a molecular ion peak at m/z 546.6622, corresponding to a molecular formula of C 33 H 38 O 7 . The signals exhibited at δ C 179.9 (C-9) and δ C 203.4 (C-6) in the 13 C NMR spectrum supported the IR data, which suggested the presence of a chelated peri-hydroxylated carbonyl group (1630 cm -1 ) and an unconjugated carbonyl group (1745 cm -1 ), respectively. The 1 H and 13 C NMR spectra are very similar to those of gambogin, except that the proton signal at C-7 was replaced by a hydroxyl group, and the presence of a methyl group at C-30 instead of the prenyl moiety [3] . The caged structure of this compound was first NPC Natural Product Communications deduced from the 13 C NMR spectrum by the appearance of the signals at δ C 84.2 and δ C 84.5 of C-23 and C-5, respectively, which are consistent with oxygenated sp 3 carbon signals of the pyran ring in caged xanthones [4] .
In the HMBC spectrum, the proton signal at δ H 7.25 (H-8) correlated with the carbonyl carbon signal at δ C 179.9 (C-9), which is characteristic for the carbonyl group of a xanthone skeleton. This signal (H-8) also correlated with the other carbonyl carbon signal at δ C 203.4 (C-6), which is typically found in caged-xanthone structures [4] . The correlations of the methine proton at δ H 2.80 (H-22) to the carbon signals at δ C 89.0 (C-4b), δ C 80.0 (C-7), δ C 33.4 (C-21), and δ C 84.2 (C-23), as well as of the methylene protons at δ H 1.82 (H-21a) and δ H 2.27
(H-21b) to the carbon signals at δ C 80.0 (C-7), δ C 138.6 (C-8), and δ C 84.2 (C-23) further confirmed the caged structure of compound 1. In addition to these, the 1 -20) . Correlation between H-11 and the carbon signal at δ C 108.0 observed in the HMBC spectrum suggested that this prenyl group is located at C-4. The HMBC spectrum further showed that the other isoprene unit is located at C-5 of the caged ring based on the 2 J correlation observed between H-16 and the carbon signal at δ C 84.5 (C-5 correlated with the quaternary carbon at δ C 78.0 (C-28), as well as to each other's carbon. In addition, the spectrum also indicated the connectivity of the pyran ring at C-2 (δ C 103.0) and C-3 (δ C 160.4) of the aromatic ring C, by the correlations observed between H-26 with C-2, as well as between H-11 and H-26 with C-3. The low-field region of the 1 H NMR spectrum exhibited the typical signal of a chelated hydroxyl by a sharp singlet at δ H 13.03 (H-1). On the basis of these spectroscopic data (Table 1) , compound 1 was assigned as 7-hydroxydesoxymorellin.
Compound 2 was isolated as yellow plates with a melting point of 275-276°C. The HREIMS of this compound showed a molecular ion peak at m/z 342.3483, corresponding to the molecular formula C 19 H 18 O 6 . The UV spectrum suggested that compound 2 contained a xanthone chromophore, with absorptions at λ max 245 (log ε = 4.39), 263 (log ε = 4.42), 320 (log ε = 4.51), and 385 (log ε = 4.59) nm. The presence of strong IR bands at 3430 and 1635 cm -1 indicated the presence of hydroxyl and carbonyl groups, respectively. The 1 H and 13 C NMR spectra, as well as the DEPT experiments, disclosed the presence of a carbonyl, ten quaternary (six of which were oxygen-bearing), four methine, one methylene, and two methyl carbons, in addition to one methoxyl moiety. Initial analysis of the spectroscopic data indicated that compound 2 consisted of a xanthone skeleton and a prenyl were assigned to the prenyl moiety, which was connected to C-4 (δ C 113.0) on the basis of the HMBC correlations of H-11 with C-3, C-4, and C-4a. The 1 H NMR and H,H-COSY spectra indicated that compound 2 contains three aromatic protons. The signal at δ H 7.74 (1H, dd, J = 1.5 and 7.5 Hz) was assigned to H-8, which showed ortho and meta coupling with the other two protons at δ H 7.30 (1H, t, J = 7.5 Hz, H-7) and δ H 7.42 (1H, dd, J = 1.5 and 7.5 Hz, H-6). The quarternary carbon signals at δ C 146.8, δ C 146.1, δ C 121.0 and δ C 105.2, were assigned to C-4a, C-4b, C-8a, and C-9a, respectively, based on HMBC correlations, and in comparison with caledonixanthone are summarized in Table 2 . The assignment of a hydroxyl group at C-1 was based on the correlation of the chelated hydroxyl signal at δ H 12.80 with the signals at δ C 105.2 (C-9a), δ C 147.4 (C-1), and δ C 133.5 (C-2). On the basis of these spectroscopic data, compound 2 is therefore assigned as isocaledonixanthone D or 1,2,5-trihydroxy-3methoxy-4-(3-methyl-2-butenyl)xanthone. Whereas methylation of the 2-hydroxyl occurs in caledonixanthone D [23] , the methylation in compound 2 occurs at the 3-hydroxyl.
Four known xanthones, gaudichaudione H, 1,7-dihydroxy-3-methoxy-2-(3-methyl-2-butenyl)xanthone, 1,5-dihydroxy-3-methoxy-2-(3-methyl-2butenyl)xanthone and 1,3,7-trihydroxy-2-(3-methyl-2-butenyl)xanthone, as well as lupeol were isolated and identified by comparison of their spectral data with those published in the literature [1, 2, 4] . The isolated compounds were assayed for cytotoxicity on MCF-7, NCI-H460 and DU-145 cell lines to establish their activity and potential selectivity, and the results are presented in Table 3 . Gaudichaudione H and 1,5-dihydroxy-3-methoxy-2-(3-methyl-2-butenyl)xanthone exhibited the highest cytotoxic activity towards all three cell-lines with no selectivity, and with IC 50 values ranging from 6.6 μM to 8.9 μM. Potent cytotoxic activity of polyprenylated xanthonoids has been previously reported [3, 4] . Interestingly, 7-hydroxydesoxymorellin (1) showed approximately 5 to 7 fold selectivity towards NCI-H460 (IC 50 7.0 μM) compared to the other two cell-lines. 1,3,7-Trihydroxy-2-(3-methyl-2-butenyl)xanthone only showed moderate activity, with an IC 50 range from 10.7 to 16.7 μM with lack of selectivity, while isocaledonixanthone D (2) and 1,7-dihydroxy-3-methoxy-2-(3-methyl-2-butenyl)xanthone, exhibited only weak activity, with the cytotoxicity ranging from 66.1 to 150.1 μM. The strong activity of 1,5-dihydroxy-3-methoxy-2-(3- methyl-2-butenyl)xanthone and 1,3,7-trihydroxy-2-(3-methyl-2-butenyl)xanthone were probably due to the presence of a prenyl group at C-2 and the occurrence of oxygen-linked substituents at C-1 and C-3 [5] .
Experimental

General experimental procedures:
The ultraviolet (UV) and infrared (IR) spectra were recorded in absolute methanol on Varian UV-vis 500 and Perkin Elmer 1650 FTIR spectrometers, respectively. 1 
Extraction and isolation:
The leaf samples were washed and cut into small pieces and air dried. The dried samples were weighed (4 kg), ground to powder, and then extracted (three times each) with CH 2 Cl 2 . The crude extracts were then filtered and evaporated under reduced pressure at 45°C using a rotary evaporator. Forty grams of the CH 2 Cl 2 extract was subjected to vacuum liquid chromatography on a column (80 mm id x 500 mm) of silica gel (7734). The sample was eluted using n-hexane/EtOAc (in ascending polarity manner) and finally with MeOH to afford 6 (A-F) fractions. All fractions were tested for cytotoxic activity against MCF7, and all showed good activity (IC 50 less than 30 µg/mL).
Fraction B (5 g) was chromatographed on silica gel column (4 cm id x 50 cm) using hexane/EtOAc as eluent (10% gradient system). The column afforded 2 g of lupeol. Fraction C (5 g) which eluted on hexane-EtOAc (9:1) mixture was subjected through gel-exclusion chromatography (Sephadex LH-20, 20 mm x 300 mm) to remove the chlorophyll using CHCl 3 -MeOH (1:1) as eluant. The chlorophyll free fraction was then chromatographed on silica gel (Merck 9385) using CHCl 3 -EtOAc as eluant (10% gradient system), to afford 40 fractions. (1) MP: 272-273°C.
7-Hydroxydesoxymorellin
[α] D 25 : -122.0° (c 0.28, CHCl 3 ). IR (MeOH) ν max : 3435 and 1629 cm -1 . UV λ max (MeOH) nm (log ε): 379 (3.70) nm. 1 
Bioassay evaluation:
The in vitro cytotoxicity of the isolated compounds was performed against a panel of three human cancer cell lines according to the protocol previously described [24] .
